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Evidence-Based Reasoning in a Kindergarten Classroom through an
Integrated STEM Curriculum (Fundamental)
Background
Engineering is no longer an uncommon addition to P-12 classrooms. Basic engineering guidelines and practices have been suggested for precollege students in a number of reports and articles, including the Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. 1 Among the eight essential practices in science and engineering is the practice of engaging in argument from evidence, often called argumentation. This practice allows students to design the best possible solution to meet the needs of a client from a variety of possible solutions. The use of these arguments in an engineering context has been called evidence-based reasoning (EBR). 2 EBR may also be a hallmark of high-quality engineering design. "Tinkering" is commonly seen in engineering design, especially in pre-college engineering activities. While it is a valuable skill, tinkering is not engineering. EBR can be used to ensure that students are providing evidence for their design decisions, not just tinkering until they find a reasonable solution. Minimal research about EBR or argumentation in engineering-specific contexts is currently available, especially in the early grades. 2 The purpose of this research is to explore engineering practices in Kindergarten classrooms during an integrated curriculum. The research question is: How do Kindergarten students engage in evidence-based reasoning during an integrated STEM and literacy curriculum?
Framework
Evidence Based Research is built on scientific argumentation. 2 Both engineering and science incorporate forms of argumentation, or making claims and backing up those claims with evidence and/or additional forms of reasoning to support the initial claim. Argumentation as a practice is noted in the Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas as an essential practice and the difference between the way it is used in science and engineering is noted. 1 Rather than describing natural phenomena as scientists do, engineers use arguments to justify design decisions and rationales for trade-offs. More specifically, evidence-based reasoning is built on Toulmin's Argument Pattern, one style of scientific argumentation that incorporates many aspects common to multiple models of scientific argumentation.
2 While Tolumin's full description of the components of argumentation is noted below, for this study, any claim followed by an explanation or evidence to support that claim is considered developmentally appropriate EBR in a Kindergarten classroom.
Toulmin's Argument Pattern 3 The Evidence-Based Reasoning model is based on Toulmin's Argument Pattern, or TAP. There are six main components to argumentation according to TAP, claims, data, warrants, qualifiers, rebuttals, and backing.
Claim -a claim is the statement that was being argued Data -facts or evidence used to support the claim Warrants -logical statements connecting the data to the claim Qualifiers -statements proposing conditions where the argument holds true Rebuttals -counter-arguments for when the general argument does not hold true Backing -statements that support the warrants but not the claim itself Developmentally appropriate EBR in a Kindergarten classroom involves a claim, or an assertion regarding an aspect of the engineering solution that is being designed, and a connected statement to support the claim. The connected statement can either be part of the initial description (e.g. "I will choose X for my design because Y") or can be a later statement to support the initial claim, often in response to asking the student why they have chosen what they have chosen. Connected statements to support the claim can include data , often evidence from personal experiences or classroom investigations, warrants , connecting data to the claim but not necessarily providing the facts or evidence itself, qualifiers , bounding the claim to specific circumstances, rebuttals , arguments to support the claim in the face of qualifiers, or backing , statements supporting aspects of the argument but not the claim itself. Any attempted use of evidence or reasoning to support the claim is considered an act of EBR, even if the evidence is incorrect or the reasoning is specious. In EBR, a design decision is also considered a claim, where the underlying claim is that the design decision meets the client's criteria and constraints.
Methods
This study uses thematic analysis of video data as the primary source of data. The published lesson plans are a secondary source of data used to understand where EBR practices should be expected throughout the lessons. The two sources are combined for a greater understanding of how EBR practices are seen throughout an integrated STEM unit in Kindergarten classrooms.
Participants
Three Kindergarten classrooms teaching the same integrated STEM unit, Designing Paper Baskets , were involved in this study. Each class was taught by a white female teacher. Each classroom contained a different number of students; data was collected from 32 students in accordance with IRB #1401014380. Any names used throughout this study are pseudonyms, given for ease of reading.
Context
A ten-lesson integrated curriculum incorporating literacy and STEM lessons was developed for use in Kindergarten classrooms. Four primary components set this curriculum apart from other commonly-implemented engineering lessons: 1) engineering design as the interdisciplinary glue, 2) realistic engineering contexts to promote student engagement, 3) high-quality literature to facilitate meaningful connections and 4) instruction of specific STEM content within an integrated approach. 4 This curriculum is the context for observing evidence of developmentally-appropriate engineering practices in Kindergarten students. In addition to the five lessons shown in Table 1 , there is an introductory lesson where engineering, the engineering design process, and the overarching engineering challenge is introduced. 
Document Analysis
Evidence-based reasoning is an engineering practice that is expected to emerge during high-quality engineering interventions. In early grades such as Kindergarten, students need to be guided to use EBR in developmentally appropriate ways. The integrated STEM unit, Designing Paper Baskets , encourages student use of EBR through teacher-guided activities and engineering design content. To better understand how students' use of EBR is seen throughout the ten lessons, a document analysis of the entire Designing Paper Baskets unit was done to note where teacher-guided EBR was expected to be present and where students were expected to organically use EBR (e.g. during the plan and decide phases of engineering design). 5 
Thematic Analysis
Initially, all researchers reviewed a selected subset of the video data. 6 Using the engineering design process (Figure 1 ) as a framework, researchers inductively and deductively created a coding scheme to analyze the video data. After the coding scheme was developed, all video data was analyzed by two researchers. Further analysis of the data allowed for additional open coding of unexpected results such as EBR. While other themes have been found, this study will focus strictly on the examples of evidence-based reasoning observed in the video data. EBR for this study includes instances where a student makes a claim pertaining to the engineering design challenge and backs that claim up with evidence or justification of some sort. Examples of scientific argumentation, commonly seen when explaining the results of an experiment or discussing natural phenomena, were not counted. In a few instances, multiple students made a claim in chorus and some followed up with data or warrants. Each student's response was counted as a separate instance of EBR.
Figure 1. Engineering Design Process

Triangulation
Finally, the two initial analyses are triangulated to compare the data. 7 The thematic analysis of classroom observations is compared with the document analysis of the curriculum to understand where teacher-guided EBR was expected to be present, where students were expected to organically use EBR (e.g. during the plan and decide phases of engineering design), and where students unexpectedly used EBR within the lessons. Examples of EBR are provided to support the results and to illustrate the ways that Kindergarten students engage in EBR.
Results/Discussion
Document Analysis
In reviewing the curriculum, there were places in each STEM-focused lesson where EBR was expected to occur, as seen in Table 2 . Expected occurrences of EBR were noted when the curriculum instructed the teacher to ask the student to explain the reasoning behind any choice, generally through the use of words like "why" and "discuss" or "explain". Listen as students share their ideas for which paper should be used for Max's basket and why.
4B Student Plan
In pairs, have students discuss the two options for their baskets and mark their choices on the BLM*.
4B Teacher Plan
Have pairs show their basket to the class and explain the following (prompt students as necessary):
• Why they chose the papers they did?
• How their basket meets Max and Lola's needs?
• How they think their basket will perform on the wet and dry tests?
• What patterns they chose and why?
5B Teacher Decide Also ask: "What about your design worked well? What would you change if you did it again?"
5B Student Decide After listening to others' results, student pairs should discuss whether they think their design met Max's needs or if they would redesign using different papers.
* BLM: Black Line Master, also known as student worksheets
In every lesson, there is an example of developmentally-appropriate scaffolding where the teacher asks the students to consider the engineering design and to explain their choices or claims, in other words engaging in EBR through providing data, warrants, qualifiers, rebuttals, or backing for their claims as defined in the TAP model. As expected from an earlier study, the majority of EBR was seen in Plan and Decision segments of the design challenge. 2 Even when the overarching step of the design process for the entire lesson was Learn, as in lessons 1B, 2B, and 3B, EBR was expected when the lesson was connected back to the engineering challenge through considering how the information they had learned could contribute to the final design, or the Plan stage.
Video Analysis
Each instance of EBR by students was noted in the videotaped lessons. Lessons where EBR occurred in each classroom are shown in Table 3 . Some students used the results of their STEM lessons as evidence and reasoning for their claims. This was most often seen when students suggested using wax paper as the material to choose; one of the design constraints was that the baskets must hold wet and dry rocks. Wax paper was recognized as very successful in holding wet rocks. Students in all classrooms recognized this and used it as evidence for choosing wax paper as the material that should be used in their basket design. Students did not always use scientific evidence to back up their claims. In Class 2, Lesson 4B, students explained their design choices using both evidence and personal preference. Multiple students explained their choice of wax paper by noting its strength. One student chose tissue paper "because I thought there might be some colors and I like how it feels." Another student justified their choice of the ABBABB pattern because "it looks like a creeper face." Some students even made claims that went against the findings of their scientific experiments, such as the student in Class 2 during Lesson 1B who felt that tissue paper would be a good choice for the basket design as "if it gets wet it won't even rip." While students in Class 2 often justified their design choices by talking about the strength of the paper, students in Class 3 focused on a different design specification requiring the basket to "look nice." In Lesson 5B, one student justified their team's choice to use tissue paper because "We like tissue paper. It makes it look very pretty." Another group chose "Construction and tissue. We think they look like a good pattern together."
Using the TAP framework, nearly all of the examples of EBR would include data and/or warrants to support the students' claim. One student in Class 1 used a qualifier during lesson 5B, noting that their construction paper basket was a good prototype "but on the other side it kind of falled out."
Overall, there were 35 instances of EBR. Twenty-nine of these instances happened when students added evidence to their claims after the teacher asked the student to explain their reasoning. For this sample of Kindergarten students, 83% of EBR was induced by the teacher, showing that EBR can occur in this age group however it is developmentally appropriate to scaffold their learning through asking the students to explain their reasoning.
Triangulation
Based on the document analysis, EBR was expected to be found in every STEM-focused (B) lesson. EBR was found in every STEM-focused lesson in one classroom, Class 2. It was seen in every STEM-focused lesson in at least one classroom and additional instances of EBR were seen in some of the literacy-focused lessons and the introductory lesson.
From the document analysis, it was expected that the majority of EBR would be teacher-driven, prompted by the teacher asking the students to explain their claims. Overall, 83% of EBR instances were teacher-driven. It was expected that all of the occurrences of EBR before Lessons 5B and 6B would be teacher-driven, however that was not the case.
Student-driven EBR was expected in Lessons 5B and 6B, when students were discussing their design with their partners and/or explaining their choices to the entire class. While students did defend their design choices (claims), they often did not use evidence or justification for engineering decisions. Rather, when there were disagreements, they argued with partners, claiming their choice should be used without justification.
Beyond expected teacher-and student-driven EBR as expected from the curriculum, there was the possibility for additional instances of EBR throughout the classroom implementation. There were few examples where students organically engaged in EBR. Overall, they were comfortable making claims but rarely provided evidence to back up their claims.
While reading the book I Get Wet in Class 1, one student excitedly connected the book's discussion of wax paper to the engineering project, "I know which kind of paper we should use! Wax! It holds wet and dry!"
During the introductory lesson in Class 2, one student was already forming engineering solutions while the class was discussing the criteria and constraints set forth by the clients, Max and Lola. "It needs to be metal paper. They can find some dry and wet rocks and some, if it's papers like these (holds up laminated copy paper), if it's regular paper, the wet rocks will get it wet and they fall out because it's strong and it's wet. It needs to be metal." The student saw a problem with using paper for collecting wet rocks and explained their rationale for using metal to make the basket.
Conclusions
Students in grades as early as Kindergarten are able to engage in engineering practices, specifically evidence-based reasoning. In EBR for Kindergarten students, the most important aspect is asking "Why?" Throughout the curriculum, students are very willing to make claims but a claim alone does not create an argument. Teachers that followed up by asking their students to support their claims had higher instances of EBR overall as well as higher numbers of lessons where EBR occurred. Asking Kindergarteners why they are making the claims they are making helps them to develop their evidence-based reasoning skills.
The findings here can influence teacher professional development and interactions with P-12 students in formal and informal settings. Argumentation, and by extension, evidence-based reasoning, are important skills for students to learn. Teacher professional development providers should highlight the importance of asking students to explain their design decisions when engaging in engineering activities. Those facilitating engineering activities, whether in formal classrooms, outreach programs, or even parents, should also be aware that young students are able to engage in engineering practices such as evidence-based reasoning. This study also points to an important scaffolding tool to help young students build their EBR skills, using the question "Why?"
Limitations
This study followed three classrooms during a pilot implementation of an integrated STEM and literacy curriculum for Kindergarten students. Teachers were using the curriculum for the first time and the curriculum was not in its final state. Classroom 1 did not have the full implementation video recorded so may have had additional instances of EBR in the classroom at other times.
